In this paper, we propose to deal with the complexity of today's collaborative product design processes using one of the recent and widely used modeling paradigms in industry which is Ontologies. In fact, in addition to their wide expressivity, ontologies provide many reasoning abilities. Therefore, we propose to explore their maturity in dealing with the complexity of nowadays product design processes especially for the expression and execution of product and process design rules. Indeed, integrating, expressing and implementing these specific domains rules are critical issues in nowadays product development processes. The Semantic Web Rule Language (SWRL) is an ontological language based on OWL-DL that allows the expression of these rules. Thus, we propose an overview on the use of the OWL-DL/SWRL approach in industry and we explore the expression and execution of SWRL design rules throughout the development of an industrial case of study in the impression-die forging industry.
Introduction
In recent years, the high competition in modern industry and the rapid development of information management and computer technologies have greatly impacted the product development process.
In fact, today products, processes and systems are becoming more and more complex and manufacturing companies are more and more forced to adopt an integrated and collaborative product development approach in order to produce better products with shorter lead-times at less cost. In one side, the different constraints relating to the product functional specifications, to its manufacturing process and to the different members of its associated supply chain must be taken into account since the earlier stages of the product development process. And in the other side, tight collaboration and effective interoperability must be established between the different inter-actors involved in the product lifecycle.
In such a context, effective information management has a centric place. Indeed, during the Product Development Process, experts from different fields (mechanical, electrical, software, business) work together and share information, knowledge and resources to solve product development issues [1] . Thousands of heterogeneous information are shared simultaneously by different groups within and across institutional boundaries using different formats and models to represent the product in development [2] . To address these issues, Product Data Management (PDM) and Product Lifecycle Management (PLM) have been developed in order to manage the data and information relating to the product all throughout his lifecycle. Although PDM and PLM don't allow the representation of the meaning associated to the captured information which leads to many semantic interoperability problems during the product development process generated by the differences between the information models and the misunderstandings between the inter-actors [3] .
In the last decades and with the advances in artificial intelligence, computer technologies and web services, a new extension of the current web has been developed. It is the Semantic Web which aims at realizing resource sharing and reuse throughout the expression of the underlying semantics in a formal and computer-understandable way [4] . As one of the key backbones of the Semantic Web, we find ontologies which define basic concepts, relations between the concepts of a domain of interest, rules of inference and which allow the formal expressing of semantics ([4] , [3] ). Thanks to their expressivity and reasoning abilities, ontologies have then been exported from artificial intelligence and computer science domains to the industrial world. According to Fortineau and al. [5] , the expected benefits from using inference ontologies in industrial applications, for instance to represent inference product and process models, can be classified into three categories that refer to the capabilities offered by the ontological models: (i) Integration and completeness provided by language expressivity, (ii) Embedded intelligence due to their reasoning capabilities and (iii) Dynamism and flexibility which they afford through queries and web services.
Therefore, ontologies have been used to develop product models ([6] , [7] , [8]), manufacturing process models ([9],[10]), supply chain models ([11],[12] ) and even global PLM models ([13] , [14] ). They have also been exploited to capitalize the knowledge of the previous projects, to ensure understanding and semantic interoperability between the different partners in the context of collaborative products development [15] and also for many other industrial applications [14] . Although, despite their wide number, these industrial applications present many limitations. In fact, on one hand, few of them have succeeded to integrate simultaneously the product, manufacturing process and logistic information in a clear and generic way because the majority of them propose either an ontological model centered on the product information, or ontology centered on logistic information. On the other hand, almost all the proposed ontological based models focused only on exploiting the expressivity of ontologies and neglected a fundamental capacity that ontologies offer which is their ability to infer new information: Reasoning [16] .
Thus, our aim in this work is to address all these limitations by exploiting simultaneously the different potentialities of ontologies in order to support the early integration of product design and manufacturing process design throughout the use of ontology-based reasoning and the expressing of SWRL design rules.
Expressing and executing design rules as a requirement in nowadays collaborative product development projects
Products are becoming more and more complex and their development process are becoming more and more knowledge intensive and complex too [17] . Research studies showed that to deal with these complexities and to achieve greater efficiency, the integration between the different involved domains of expertise should be realized since the earlier phases of the product development process, particularly at the design phase ([18] , [19] ). In fact, design is the strategic phase of the product's lifecycle which consumes only 5 to 10% of the whole product's cost,
